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Abstract
Context: The analysis of water flow in open
channels is a relevant topic of study in different
civil engineering projects. However, traditional
experiments in open channel hydraulics and
scale models are limited, and simple conceptual
review based solely on textbooks does not allow
sufficient stimulation and motivation for students.
On the other hand, the rapid development of
mobile devices and programming in the cloud and
mobile Operation Systems such as Android offer
alternatives for the development of complementary
tools that support educational processes.
Methodology: This work presents the development
of an application that allows the analysis and
design of open prismatic channels by implementing
the Newton-Raphson numerical method and
incorporating a problem-based learning approach.
Results: Interactive elements were included in the
application for the definition of problem variables,
as well as didactic images and friendly data
outputs to promote interest in the application and
understanding of the problem-solving process.
Conclusions: The mobile application is an example
of the possibilities that exist to strengthen both the
teaching of concepts and the technological approach
for the rapid solution of problems, which promote
the appropriation of concepts in civil engineering
education. The application is called “HydroEolm”
and is available for free on the Google Play Store;
It has been downloaded several thousand times
in Latin America and the Caribbean, mostly by
engineering students, so the positive impact of the
application for academic training is inferred.
Keywords: Civil engineering, fluid dynamics,
computer application, engineering education.
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Resumen
Contexto: El análisis del flujo de agua en
canales abiertos es un tema de estudio relevante
en diferentes proyectos de Ingeniería Civil.
Sin embargo, los experimentos tradicionales
en hidráulica de canales abiertos y modelos
a escala son limitados, y la simple revisión
conceptual basada únicamente en libros de
texto no permite la suficiente estimulación y
motivación para los estudiantes. Por otro lado,
el rápido desarrollo de dispositivos móviles y
programación en la nube a través de lenguajes
como Android ofrecen alternativas para el desarrollo
de herramientas complementarias que apoyen los
procesos educativos.
Método: Este trabajo presenta el desarrollo de una
aplicación que permite el análisis y diseño de canales
prismáticos abiertos mediante la implementación del
método numérico Newton- Raphson, incorporando
un enfoque de aprendizaje basado en problemas.
Resultados: Se incluyeron en la aplicación elementos
interactivos para la definición de variables del
problema, imágenes didácticas y salidas de datos
amigables para promover el interés en el uso de la
aplicación y la comprensión de la solución de los
problemas.
Conclusiones: La aplicación móvil es un ejemplo
de las posibilidades que existen para fortalecer
tanto la enseñanza de conceptos como el enfoque
tecnológico para la solución rápida de problemas, las
cuales promueven la apropiación de conceptos en la
educación de ingeniería civil. La aplicación se llama
“HydroEolm” y está disponible de forma gratuita en
la Play Store de Google; ha sido descargada varios
miles de veces en América Latina y el Caribe, en
su mayoría por estudiantes de ingeniería, así que se
infiere el impacto positivo de la aplicación para el
entrenamiento académico.
Palabras clave: Ingeniería civil, dinámica de fluidos,
aplicación informática, formación de ingenieros.
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The study of water flow in open channels is a
critical issue for multiple projects related to Civil
Engineering about the evacuation of water under
controlled speed and flow. Several engineering
projects use surface drainage systems for the
evacuation of free-flowing water at different scales,
from small channels in road works and slopes
(measured in centimeters) to channeling currents
through channels with large hydraulic sections
of several meters wide (Chaudry, 2008, Marusic
& Hutchins, 2008, Monty, Hutchins, Ng, Marusic,
& Chong, 2009, Roy, Buffin-Belánger, Lamarre,
& Kirkbride, 2004, Cameron, Nikora, & Stewart,
2017). The optimization of the hydraulic design of
these structures through numerical methods is a
key component in the training of civil engineers
and comes second to conducting laboratory tests
on models to explain the concepts associated to
the design of the hydraulic channel. (Chaudry,
2008, Monty, Hutchins, Ng, Marusic, & Chong,
2009, Cameron, Nikora, & Stewart, 2017). Despite
the conventional presentation of the design of
open channels in the training curricula of civil
engineering, concerns persist in the background
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of students because some concepts in this topic
are abstract, and in some cases they can only be
understood from laboratory tests (Monty, Hutchins,
Ng, Marusic, & Chong, 2009, Cameron, Nikora, &
Stewart, 2017). Particularly, students in developing
countries do not always have easy access to
physical laboratory models for the appropriation
of concepts associated with flow in open channels.
Therefore, concepts such as the hydraulic total
energy line, the specific energy, the wetted perimeter,
and the hydraulic radius are often confused or
not sufficiently understood when referring to a
real-world situation (Woods, 1994, Mirauda, Capece,
& Erra, 2020).
Considering that the hydraulic section of
an open channel depends fundamentally on
the relationships between roughness, flow type,
fluid velocity, and flow rates through iterative
processes, the preparation of a numerical solution
in conventional spreadsheets is often not sufficient
for long-term concept appropriation. Thus,
conventional pedagogy results in restrictions on
students’ imaginations and inadequate training for
the development of practical skills; also, it tend to
work within the boundaries of computers instead
of taking advantage of more modern learning
environments (Khan & Chiang, 2014, Buck, McInnis,
& Randollph, 2013, Jou, Lin, & Tsai, 2016, Drumea,
2012).
For hydraulic engineering education,
problem-based learning (PBL) is considered an
ideal learning strategy as it encourages students
to take a multidisciplinary approach to the basic
sciences by applying numerical methods and
strengthening their skills and confidence in handling
new problems (Kai, Lam, Zou, & Quiang, 2018)).
Consequently, the PBL methodology began to be
considered a crucial key for modern engineering
practice and became a central theme of development
for engineering education since the end of the
XX century (Woods, 1994, Mirauda, Capece, &
Erra, 2020). In this context, the implementation
of numerical methods in cloud web applications
have become relevant as innovative elements
in the education of civil engineering students
in developing countries (Woods, 1994, Mirauda,
Capece, & Erra, 2020, Drumea, 2012).
Since 1990, the advance of wireless technologies
has experienced a significant expansion in both
developed and developing countries. This increase
took place from the first generation of mobile
telephony (analogous) to the fourth generation
(digital). Currently, 5th generation mobile telephony
is in its implementation stage. This advance has
allowed the development of cellphones, tablets,
and other smart devices of higher performance in
terms of memoryand processing capacity (Buck,
McInnis, & Randollph, 2013, Jou, Lin, & Tsai, 2016).
In the same way, this technology has contributed
to the elaboration of mobile apps in commercial,
environmental, industrial, medical, and educational
fields (Chaudry, 2008,Mirauda, Capece, & Erra, 2020,
Buck, McInnis, & Randollph, 2013, Drumea, 2012).
The increasing popularity of smart mobile
devices means that many students are already
familiar with their use and features (Mirauda,
Capece, & Erra, 2020, Hsu, Rice, & Dawley, 2012).
Hence, there is an expected positive impact that
the use of mobile devices for teaching hydraulics
and other areas in civil engineering have on the
motivation and effectiveness of learning within
developing countries.
It is worth highlighting that there are some
key aspects in educational software development
to be considered, such as accessibility, simplicity,
the building of high-quality documents where
key concepts are synthesized, and lower cost
for licensing (Marusic & Hutchins, 2008); and
commercial educational software is expensive and
of limited access to part of the population. Hence,
free or open-source software is a better option for
educational purposes in open channels since they
allow users to implement their own needed software
and generate new possibilities for content, mobility,
and understanding (Monty, Hutchins, Ng, Marusic,
& Chong, 2009, Roy, Buffin-Belánger, Lamarre, &
Kirkbride, 2004, Mirauda, Capece, & Erra, 2020).
This work shows the development of a mobile
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application in Android for the analysis and
design of open channels with the incorporation
of a Newton-Raphson numerical solution for
different geometries. Unlike the examples presented
in a conventional channel hydraulics class, the
application presents a wide range of examples
that promote interest in the subject and act as a
complementary resource to conventional education
through texts, graphic aids,and friendly graphic
environments (Mirauda, Capece, & Erra, 2020, Jou,
Lin, & Tsai, 2016, Hsu, Rice, & Dawley, 2012). The
mobile app has been downloaded by engineering
students in Latin-American countries, which
suggests the positive acceptance of this tool as a
complement to university education on this topic.
App Development
PBM learning approach seeks that students
understand the application of concepts in real-
problem civil-engineering situations. Open channels
of trapezoidal or circular sections are widely used
in geotechnical work (e.g. surface drainage works
slope stabilization), highway projects, and hydraulic
projects for flood mitigation and flow control. Then,
Newton- Raphson formulation of the problem for
hydraulic design optimization is applicable to any of
the scenarios described.
Basic Problem
In a prismatic channel subjected to atmospheric
pressure, uniform flow conditions can be established
if the depth, wet area, and flow speed remain
constant. That is, the slope of the bottom channel,
the slope of the water surface, and the energy line
are parallel; and the component of the gravitational
force parallel to the flow in any laminar layer
is balanced by the frictional force for a uniform
laminar flow (Chaudry, 2008, Cameron, Nikora, &
Stewart, 2017). The equation that governs the flow
behavior in open channels is represented by Chézy’s
equation, developed by Irish engineer Robert
Manning (Chaudry, 2008, Woods, 1994, Mirauda,
Capece, & Erra, 2020). This empirical development is
based on the channel roughness, flow speed, water
depth, and bottom slope.
 
Figure 1. Uniform Flow diagram (trapezoidal channel)
Source: Authors.
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Equation (1) shows Chezy’s equation using SI
units (Chaudry, 2008):
f(Yn) = A
5/3P−2/3 −QnS−1/2 = 0 (1)
Where, Q: Flow (m3/s); n: Manning roughness
coefficient; A: Hydraulic area (m2); P : wet perimeter
(m); R: Hydraulic ratio (m); and S: Slope (m/m).
In derivative form, equation (1) can be expressed
as:























And the Newton-Raphson formulation would be
(equation 3):























Development of Numerical Solution
Based on iterative and incremental processes, three
stages of the solution were developed for the
numerical formulation within the app. In the first
stage, a flow diagram was developed for each
of the hydraulic sections by using an iterative
process. In the second stage, the source code was
developed for Android platforms using JavaScript
as it is open source and Androidis based on
object-oriented programming language. Finally, the
third stage consisted of validating the app code
by comparing its results against those calculated
by other programs and exercises proposed in
Hydraulics books (Chaudry, 2008). The flow chart for
the user interface is presented in Figure 2. The flow of
activities varies depending on the selected hydraulic
section.
 
Figure 2. Flow diagram of user interface App
(trapezoidal channel)
Source: Authors.
According to the Newton-Raphson method, the
probability of divergence increases significantly if
the initial value is zero or presents different inflection
points. To overcomethis anomaly, a method is
suggested to obtain a regression of dependent
and independent variables for the initial value
(seed value). In the case of trapezoidal channels, a
potential expression was obtained for the normal
depth as a function of the flow rate, which
guarantees that the method will reach convergence,
regardless of the initial value moving away or being
close to zero. The relative error between successive
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approximations in this scenario is 0.000001 meters.
Figure 3 shows the algorithm used to program
the solution for the trapezoidal channel. A similar
formulation was implemented for the circular
section.
App Formulation and Validation
The development of the mobile application is
presented below in detail for trapezoidal and circular
channels, along with the Newton-Raphson type
solution. The graphic aspects of data input, analysis,
and output of the application in the Android
environment are also presented.
Trapezoidal Channel
The first screen presents a menu showing different
variables. The algorithm calculates the normal
depth, hydraulic radius, specific energy, flow type,
hydraulic area, wet perimeter, flow velocity, and
Froude number for each of the hydraulic sections. In
order to validate the app calculations, determining
the normal depth for a symmetric trapezoidal
channel is suggested (Figure 4), which will be done
through three different methodologies (Newton-
Raphson app, Goal Seek tool in Excel®, and the
software Hcanales®).
The channel presents the following hydraulic
conditions:









Figure 3. Normal depth calculating flow chart (trapezoidal channel)
Source: Authors.
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Figure 4. Trapezoidal channel
Source: Authors.
Hydraulic area:










Z2 + 1 + b
(6)
Mirror:
T = 2ZYn + b (7)
Specific energy:




Applying Manning equation under the uniform
flow assumption (equations (1), (2) and (3)), we have




















































Table II. Normal depth calculation (Excel, Newton-Raphson), (trapezoidal channel)
Iter Ynn+1 Area (m2) P (m) dA/dy dP/dy f(Yn) f´(Yn) Newton- Raphson
1 0,7842743 3,805944 7,46019 7.2056 6.3246 -1.8391 6.29428 1,076457865
2 1.0764579 6,167429 9,30812 8.95875 6.3246 0.4183 9.22484 1,031109726
3 1.0311097 5,767336 9,02131 8.68666 6.3246 0.0109 8.74376 1,029858087
4 1.0298581 5,756468 9,01339 8.67915 6.3246 0.0000 8.73061 1,029857145
5 1.0298571 5,75646 9,01339 8.67914 6.3246 0.0000 8.73060 1,0299
Source: Authors.
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Normal depth (m): 1,0299 1,0299 1,0299 1,0299
Mirror (m): 8,6791 8,6791 8,6791 8,6791
Hydraulic ratio (m): 0,6387 0,6387 0,6387 0,6387
Specific energy (Nm/N): 1,0610 1,0610 1,0610 1,0610
Hydraulic area (m2): 5,7565 5,7565 5,7565 5,7565
Perimeter (m): 9,0134 9,0134 9,0134 9,0134
Velocity (m/s): 0,7817 0,7817 0,7817 0,7871
Froude number: 0,3065 0,3065 0,3065 0,3065
Type of flow: Subcritical Subcritical Subcritical Subcritical
Source: Authors.
In the symmetric trapezoidal channel case, a
potential model for the normal depth as a function
of the flow rate for the initial value (seed value) was
obtained, so it is guaranteed that the method will
reach convergence, regardless of whether the initial
value moves away or stays close to zero (equation
(13)).
(Yn) = 0,3833 Q
0,476 (13)
Where, Q: Flow (m3/s); Y : Normal depth
(meters).
The comparison of the results obtained by three
different methodologies are shown in Table III. It is
possible to see that the calculations from the Android
app have a high degree of precision for normal depth
calculation in prismatic channels.
Asymmetric trapezoidal channel
To estimate the capacity of Android app has to
calculating the normal depth from the paradigm
proposed by Manning, a symmetric trapezoidal
channel that presents the following hydraulic
conditions is proposed:























Z2a + 1 + b+ Yn
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T = ZaYn + b+ ZbYn (17)
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Figure 5. Visual Code (Excel). Calculation iteration for Yn (symmetric trapezoidal channel)
Source: Authors.
 
Figure 6. Trapezoidal channel (Android app’s normal depth solution)
Source: Authors.
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Figure 7. Asymmetric trapezoidal channel
Source: Authors.
A potential model for the normal depth in an
asymmetric trapezoidal channel as a function of
the flow rate for the initial value (seed value) was
obtained. This guarantees the convergence of the
method, regardless of whether the initial value
moves away or approaches zero.
f(Yn) = 0,3167 Q
0,4967 (22)
Table V. Normal depth calculation (Excel, Newton-Raphson), (asymmetric trapezoidal channel)
Iter. Ynn+1 Area (m2) P (m) dA/dy dP/dy f(Yn) f´(Yn)
Newton
Raphson
1 1,11261 6,71077 9,3057679 8,813 5,443 -9,9740 9.707712 2.140040673
2 2,14004 18,4045 14,897879 13,95 5,443 5,8192 21.607852 1.870729808
3 1,87073 14,8289 13,432065 12,6 5,443 0,4695 18.159268 1.844877609
4 1,84488 14,5047 13,291356 12,47 5,443 0,0041 17.840216 1.844646183
5 1,84465 14,5019 13,290097 12,47 5,443 0,0000 17.837369 1.8446
Source: Authors.







Normal depth (m): 1,8446 1,8446 1,8446
Mirror (m): 12,4732 12,4732 12,4732
Hydraulic ratio (m): 1,0912 1,0912 1,0912
Specific energy (Nm/N): 1,8828 1,8828 1,8828
Hydraulic area (m2): 14,5019 14,5019 14,5019
Perimeter (m): 13,2901 13,2901 13,2901
Velocity (m/s): 0,8654 0,8654 0,8654
Froude Number: 0,2562 0,2562 0,2562
Type of flow: Subcritical Subcritical Subcritical
Source: Authors.
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Figure 8. Visual Code (Excel). Iteration for Yn calculation. (asymmetric trapezoidal channel)
Source: Authors.
 
Figure 9. Asymmetric trapezoidal channel, (Android app’s normal depth solution)
Source: Authors.
Circular channel
The solution for a circular channel was obtained
from the ratio of the flow through the pipe and
the flow to full pipe, which guarantees that the
algorithm developed calculates the independent
normal depth whether it is below or above
the radius. To evaluate the implementation, the
following hydraulic problem is proposed:







Figure 10. Circular channel
Source: Authors.
Central angle:
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T = D sin sin(θ/2) (27)
Specific energy:













































θnn+1 = θn −
1
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Table VIII. Y n solution (Excel – Newton-Raphson), (circular channel)
Iter. Y nn+1 θRad dθ/dy 1− cos θ f(θ) f ′(θ)
Newton-
Raphson
1 0.40000 3,14159265 5.00000 2.00000 0.049836 2,12206591 0,3765155693
2 0.37652 3,02410294 5.00864 1.99311 0.000446 2,08158268 0,3763010814
3 0.37630 3,02302863 5.008799 1.99298 0.000000 2,08114542 0,3763010589
4 0.37630 3,02302851 5.008799 1.99298 0.000000 2,08114537 0,3763010589
5 0.37630 3,02302851 5.008799 1.99298 0.000000 2,0811454 0,3763
Source: Authors
 
Figure 11. Visual code (Excel). Iteration for Yn calculation
Source: Authors.
The graph in Figure 12 was constructed from the section factor for uniform flow.
AR2/3 = nQS−0,5 (37)
 
Figure 12. Circular pipe, (graphic solution)
Source: Authors.
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Figure 13. Circular channel (app’s normal depth calculation)
Source: Authors.









Normal depth (m): 0,3763 0,3763 0,3763 0,3763
Mirror (m): 0,7986 0,7986 0,7986 0,7986
Hydraulic ratio (m): 0,1922 0,1922 0,1922 0,1922
Specific energy (Nm/N): 0,5726 0,5726 0,5726 0,5726
Hydraulic area (m2): 0,2324 0,2324 0,2324 0,2324
Perimeter (m): 1,2092 1,2092 1,2092 1,2092
Velocity (m/s): 1,9623 1,9623 1,9623 1,9623
Froude Number: 1,1614 1,1614 1,1614 1,1614
Type of flow: Supercritical Supercritical Supercritical Supercritical
Source: Authors.
Table X. Results comparison - Exercise 2.7, “Hidráulica de canales”




Flow (m3/s): 2.6 Normal depth (m): 1,50 1,4996
Diameter (m): 2 Velocity (m/s): 1,0290 1,0290
Manning Coef: 0.013 Froude Number: 0,2720 0,2720
Slope (m/m): 0.000351 Type of flow: Subcritical Subcritical
Source: Authors.
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Table XI. Results comparison - Exercise 6.2, “Hidráulica de canales abiertos”




Flow (m3/s): 11.32674 Normal depth (m): 1,0241 1,0245
Diameter (m): 6.0960 Velocity (m/s): 1,3574 1,3575
Manning Coef: 0.025 Froude Number: 0,4790 0,4790
Talud (Z): 2 Specif. Energy (Nm/m): 1,1184 1,1184
Slope (m/m): 0.0016 Type of flow: Subcritical Subcritical
Source: Authors.
Table XII. Results comparison - Exercise 6.3, “Hidráulica de canales abiertos”




Flow (m3/s): Normal depth (m): 0,6583 0,6566
Diameter (m): Velocity (m/s): 1,1190 1,1221
(Pg. 139) Manning Coef: Froude Number: 0,4551 0,4575
Slope (m/m): Type of flow: Subcritica l Subcritical
Source: Authors.
 
Figure 14. Exercise 2.7, Hidráulica de canales, Gilberto Sotelo (app’s normal depth calculation)
Source: Authors.
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Figure 15. Exercise 6.2, Hidráulica de canales abiertos, Ven Te Chow (app’s normal depth calculation)
Source: Authors.
 
Figure 16. Exercise 6.3, Hidráulica de canales abiertos, Ven Te Chow (app’s normal depth calculation)
Source: Authors.
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Finally, the calculations made by the app were
evaluated using exercises proposed in different
Hydraulics books (Chaudry, 2008) and their
respective solutions to confirm the accuracy of the
app. The results are presented in Tables X, XI, and
XII. Likewise, the results calculated by the app are
shown in Figures 14, 15, and 16.
App Impact from Google Play Store
App Hydroelm has had over 7000 downloads over
a period of 10 months since it was released in
the Google Play Store. A follow up shows that
the downloads have occurred mainly in Central
and South American countries (Peru 40 %, Colombia
20 %, Guatemala 20 %, and Honduras 20 %). Within
the percentage of downloads in each country, more
than 80 % correspond to college students (Peru 86 %,
Colombia 92 %, Guatemala 81 %, and Honduras
88 %). The rating of the app exceeds 4.5 points;
this value constitutes an indirect indication of the
positive impact the tool has had in strengthening the
learning of this subject in engineering students from
developing countries. Although the motivation of
the assessment is not clear, it is possible to infer that
the app constitutes a useful tool in the educational
environment, either to corroborate results of manual
calculation exercises or electronic sheetsby students.
It is also a reflection of the impact of using digital
media on smartphones for the appropriation of
knowledge in a modern education practice on topics
in civil engineering.
CONCLUSIONS
The algorithm implemented for the app
“HydroEolm Hydraulic Channel Design” avoids the
use of nomograms and optimizes the calculation
process for the normal depth and other hydraulic
parameters in open channels. The assessment of
the results shows the accuracy of the calculations
for various hydraulic sections and confirms the
reliability of the tool for process designing.
The app indicates an accuracy of 10−6 meters
for the calculations. This is a good result compared
to other methods like electronic sheets. Thus, the
app’s effectiveness for solving hydraulics problems
for prismatic channels is demonstrated. This was
validated by comparing the results in the app
against the results obtained from three different
methodologies (Goal Seek, Newton-Raphson, and
Hcanales®). For future developments it will be
possible to include an integration with web and
mobile interfaces for a massive diffusion.
From the number of downloads of the app
within developing countries, it is possible to infer the
wide acceptance specialized public has towards this
tool, probably due to its contribution to explaining
concepts and its usability in the educational field.
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